armchair treatment. They showed that early mobilization and discharge (at four weeks) was apparently quite safe. Subsequent studies (Lown & Sidel 1969 , Harper et al. 1971 , Wenger et al. 1973 supported the view that uncomplicated cases could be discharged safely two to three weeks after infarction, and now these patients are often discharged within a week. More recently, Lau et al. (1980) used simple criteria based on the absence of diabetes, pulmonary oedema, serious arrhythmias or recurrent cardiac pain to select low-risk patients for early hospital discharge. Survival of the late discharge group was significantly less than that of the early discharge group while the latter did not differ significantly from the conventional discharge group.
Once the safety and advantages of early mobilization after myocardial infarction were established, the effect of exercise on a recently infarcted heart was studied in animals. When tested within two days of induced infarction, serious arrhythmias (ventricular ectopic beats more frequent than five per minute, ventricular bigemini or couplets and ventricular tachycardia) were found to occur only when exercise was performed simultaneously with induction of infarction, and even then only at certain heart rates (Kaplinsky et al. 1968 , Thompson & Lown 1976 . The scene was set to explore the use of exercise tests in selected patients after myocardial infarction. Atterhog et al. (1971) looked at electrocardiographic abnormalities during exercise in 12 patients at three weeks and 18 months after the acute event. Not only did they find changing ST segment patterns during recovery but they also found it to be safe, and of possible prognostic value. Shortly afterwards another Swedish group, in a study of patients exercised submaximally three weeks after infarction, confirmed the safey of the procedure (Ericsson et al. 1973) . They found it to be a sensitive method for inducing arrhythmias, presumably in the 10% of patients who may die suddenly, often because of ventricular arrhythmias, within a year of their infarction. Since the early 1970s there have been numerous reports confirming the safety of exercise testing after infarction and evaluating it as a prognostic indicator (Granath et al. 1977 , Markiewicz et al. 1977 . There have been only two deaths reported (from nearly 3500 patients studied), one from ventricular fibrillation (Pedersen et al. 1980 ) and the other from myocardial rupture (Lindsay 1979) , although there may be other cases which have not been reported. There is no widely accepted definition of an early exercise test-related death, but death occurring within 24 hours of the test could reasonably be so attributed, especially in patients who develop long-lasting angina, severe hypotension, ECG changes of new or extended infarction, or serious arrhythmias during the test. Because myocardial rupture may occur 10-14 days after infarction, the test cannot always be solely incriminated. Although the risk of death appears very small, careful and experienced medical supervision (with full resuscitative measures) during the test is important.
Extravagant claims concerning the value of early exercise testing as a prognostic indicator must be viewed with caution. Not only have investigators used different exercise protocols (i.e. symptom-limited and heart rate-limited) but the timing of the tests after the acute infarction has also varied. This may be important as exercise capacity improves during recovery , Markiewicz et al. 1977 . Patient selection is critical as those with left ventricular failure, hypertension, unstable or recent angina, conduction abnormalities or conditions making the test difficult (e.g. intermittent claudication or musculoskeletal disabilities) have been excluded, leaving perhaps up to a half of all the potential subjects untested.
Our current practice is to do a treadmill test using a limited Naughton protocol for patients aged under 66 years without heart failure or recent angina, a day before they leave hospital. With continuous ECG monitoring, heart rate and blood pressure recordings are made at each stage, and at one-minute intervals for five minutes after completion of the test or until the ECG trace returns to the pre-test state. We use the following end points: angina, severe dyspnoea or fatigue, serious arrhythmias, attainment of five metabolic equivalents, 70% of their age-predicted maximal heart rate, 5 mm or more of ST segment depression or a systolic blood pressure fall of more than 20 mmHg during exercise.
Symptoms of dyspnoea and fatigue combined with an inappropriate tachycardia at rest or at low workloads, and an inadequate systolic blood pressure response to exercise, imply left ventricular impairment. Exercise-induced angina, ST segment changes and ventricular arrhythmias are hallmarks of reversible myocardial ischaemia. All these features have been associated with a poor prognosis (Granath et al. 1977 , Sami et al. 1979 , Theroux et al. 1979 , Starling et al. 1981 , Schwartz et al. 1981 , Fuller et al. 1981 ). Not all these features have the same prognostic importance (Miller & Borer 1982) . Dyspnoea and fatigue alone are poorly reproducible and are of limited prognostic use. Theroux et al. (1979) found that in the year after infarction, angina was nearly twice as common in patients who complained of angina during the predischarge treadmill test than in those who did not. Studies from North America have found angina to be reliably predictive only of future coronary bypass surgery and not of sudden death, ventricular fibrillation or recurrent infarction , Koppes et al. 1980 ). This may, in part, be due to the indigenous indications for operation.
Exercise capacity during the submaximal predischarge test has been shown to be predictive of recurrent myocardial infarction, sudden death, cardiac arrest or coronary bypass surgery within two years (Koppes et al. 1980 . Ventricular arrhythmias associated with left ventricular impairment imply a poor prognosis, but there is disagreement about their independent weighting. Part of this may reflect patient selection and the use of antiarrhythmic agents during and after the early exercise test. These drugs may erase the arrhythmias from the ECG but leave their pathogenesis unaffected. Exercise-induced ventricular arrhythmias have been estimated to increase the risk of sudden death by between two and four times (Ericsson et al. 1973 , Granath et al. 1977 , Theroux et al. 1979 . More recently they have been found to have no prognostic value except in combination with workload and ST segment depression , Sami et al. 1979 . DeBusk et al. (1980) found that ventricular ectopic beats observed in 90 patients without clinical evidence of left ventricular failure did not predict mortality, and even complex ventricular arrhythmias induced by an exercise test three weeks after infarction had no prognostic significance.
Depression of the ST segment on exercise is probably the single most reproducible prognostic index of subsequent cardiac events, including death, and also of multi-vessel coronary disease , Schwartz et al. 1981 , Fuller et al. 1981 , Akhras et al. 1982 . Sami et al. (1979) found ST segment depression of more than 0.2 mV during exercise almost twice as common in patients who were subsequently treated with coronary artery bypass surgery or who had a cardiac arrest than in those with an uneventful two-year follow up. Theroux et al. (1979) found that it increased the risk of death at one year by ten times in their 210 selected patients exercised prior to hospital discharge. They also found it to be predictive of death but not of non-fatal myocardial infarction, nor of the development of either 'stable or unstable angina. Akhras et 01. (1982) showed that of 61 patients recovering from an uncomplicated infarction, 43 out of 44 patients with a positive test result had significant coronary artery disease in vessels other than those subtending the infarct. In contrast, of the 17 patients with a negative test, 15 had disease only in the vessel subtending the infarct.
. The mechanism and prognostic significance of exercise-induced ST segment elevation in patients recovering from infarction is obscure. It has been suggested that it is related to dyskinetic left ventricular wall movement associated with an underlying ventricular aneurysm rather than to myocardial ischaemia per se (Chahine et al. 1976 , Castellanet et al. 1978 . Occurring alone it has been found to predict single vessel rather than multi-vessel disease (Weiner et al. 1978) . It is also more commonly found after anterior transmural infarctions (Schwartz et al. 1981) . Starling and coworkers (1981) found it to be poorly reproducible at a later exercise test. Exercise-induced ST segment elevation has also been held responsible for the absence of ST segment depression occurring during exercise in patients with a prior anteroseptal infarction, on the premise that the underlying anterior ventricular aneurysm generates an opposing force to the ischaemic vector. This would produce a falsely low sensitivity of an exercise test in detecting additional coronary artery disease (Castellanet et al. 1978) . More evidence for an association with severe left ventricular dyskinesis has come from Dutch workers (De Feyter et al. 1981) . Moreover, it has been associated with a larger post-infarction ventricular scar size and lower ejection fraction (Paine et al. 1978 , Schwartz et al. 1981 ) and hence a poor prognosis (Borer et al. 1980) . That exercise-induced ST segment elevation should be considered as important as ST segment depression in terms of myocardial ischaemia, coronary anatomy and left ventricular function has been recently proposed by Fox and colleagues (1983) as a result of a study of 156 patients who underwent 16 lead praecordial ECG mapping. However, none of their patients were exercised within three months of the infarction, and so the results of a similar longitudinal study with predischarge testing would be interesting. The phenomenon of this ECG change occurring in the predischarge test remains a mystery, but perhaps Stang & Lewis (1981) may later want to reconsider their contention that 'little significance should be attached to exercise-induced ST segment elevation shortly after infarction when such changes occur in the leads bearing new Q waves'.
Apart from the prognostic uses of early exercise testing after myocardial infarction, there are other more nebulous benefits which may be important to the patient and his family. Most patients who complete the predischarge test derive reassurance and confidence (Jelinek et al. 1977 , Smith et al. 1979 .
Informed medical advice on subsequent work, leisure and sexual activities, based on the performance at the submaximal exercise test, can be given to patients even if they are not in a post-infarction rehabilitation programme. Whether such advice reduces post-infarction angina or increases a patient's self-confidence and successful return to work is unknown. Similarly, predischarge exercise testing has not been shown to reduce subsequent mortality and morbidity. Although some would argue that psychological benefits alone do not justify performing the test, it nevertheless appears a worthwhile procedure, especially as the patient will have to do his own, unsupervised test when he gets home. It is also reasonable in some cases for family members to attend the test as any anxieties they may have can be vividly relieved.
The European Coronary Surgery Study Group (1982) reported improved survival and symptoms in patients with stable angina and three-vessel disease who were treated surgically. Whether surgery confers the same benefits in survivors of infarction is unknown but may be answered by the multicentre European trial currently in progress. Until this question can be answered, a reasonable policy is for all suitable patients to have a submaximal symptomlimited predischarge exercise test and, if this is positive, to be offered coronary arteriography on the grounds that they are probably in a high-risk group for further cardiac events, and therefore more likely to have three-vessel coronary disease and to benefit from coronary surgery. Those found to have a left main stem stenosis, three-vessel disease, or a stenosis of the left anterior descending artery constituting a component of either two-or three-vessel disease, if surgically fit and with adequate left ventricular function, would, in many centres, be offered surgery.
Beta-blockers have been shown to reduce mortality in certain groups of patients after infarction (Hjalmarson et al. 1981 , Norwegian Multicentre Study Group 1981 . While the long-term benefits may not, for every case, outweigh the burdens of side effects and daily reminders to the patient that he has heart disease, those identified at high risk by a positive early exercise test should certainly be considered for these drugs (Hampton 1982 , Breckenridge 1982 , Rose 1982 , Mitchell 1982 , Chamberlain 1983 ). Due to the present restraints on the availability of coronary arteriography and surgery in Britain, it may be that only relatively young patients with exercise-induced ST segment changes who develop angina refractory to medical treatment will be offered coronary arteriography about six weeks after their infarction. If it is shown that the prognosis of 'high-risk' patients is improved by myocardial revascularization, this will have important implications for all those responsible for providing cardiac services in Britain.
